Market cooperation in the electrical sector is crucial for competitiveness improvement. In the particular case of ancillary services, it was only carried out within a national context until the recent past. In the Iberian case, since the middle of 2014, a bilateral mechanism has allowed tertiary reserve sharing between the Portuguese and the Spanish Transmission System Operators (TSOs). This mechanism generates gains for the Portuguese electrical system. However, with a high level of cooperation, these gains could be improved. The Portuguese TSO is one of the most peripheral TSOs in Europe and, as such, it considerably benefits from market integration, in the various dimensions of the electrical sector. Hence, as a new contribution to earlier studies, this paper evaluates, from the Portuguese strategic perspective, what would happen to revenues when sharing replacement reserves without any restriction, considering a full integration of Europe's southwest countries in contrast to the traditional bilateral solution that is currently in place. The new methodology used in this paper is a cross-comparative evaluation between different bilateral combinations of TSOs' offers. A comprehensive study is presented and conclusions are duly drawn.
Introduction
Ancillary services are crucial for the stable operation of electricity systems and, in particular, the tertiary reserve is a key factor for the real-time balancing of mismatches between consumption and generation [1] . For Transmission System Operators (TSOs) in the European electricity system, this type of operation reserve is generally acquired via a market-based mechanism [2] .
In [3] , an overview of balancing market designs has been presented. A significant distinction has been made between design aspects associated with the procurement of balancing services and the ones associated with delivery and settlements. In [4] , several fundamental issues have been listed for the design of ancillary services. The improvement of intermittent sources in electricity systems would lead to more fluctuation of production and would increase the tertiary reserves' requirements for system operators [5] .
In [6] , hypothetical scenarios have been investigated for the European electricity system until the year 2030. The benefits of interconnections have been presented in [7] to improve the effectiveness of crossborder trade. Moreover, a case study of Central Western Europe has been drawn in [8] .
In [9] , a model to determine bidding prices and quantities for reserve offers has been proposed for procuring reserves and clearing the day-ahead energy market, considering scheduled reserve capacity and transmission constraints. A methodology to optimize the share of the net transfer capacity between balancing areas for reserve exchanges, has been presented in [10] and [11] . The effect of hydro inflow, in the Nordic system, on the optimal cross-border transmission capacity allocation has also been studied in [12] . Furthermore, the potential benefits of incorporating balancing markets in the Northern European power system have been addressed in [13] . The electrical regional initiative of southwest Europe, which involves the TSOs of Portugal, Spain and France, worked through implementation of cross-border ancillary services, in particular a tertiary sharing mechanism [14] . In 2013, the decision to implement two bilateral solutions was taken and these solutions started to operate in the middle of 2014 [15] . These solutions were based on a mechanism implemented between the French and the British TSOs (RTE 1 and the National Grid) [16] .
This bilateral solution allows tertiary exchanges between REN 2 and REE 3 , and between REE and RTE [17] . For the Portuguese electricity system, one of the most peripheral TSOs in Europe, the implementation of this bilateral mechanism generates interesting gains [7] .
However, the profits could be improved if a high level of cooperation could occur. Hence, as a new contribution to earlier studies, this paper evaluates, from the Portuguese strategic perspective, what would happen to revenues when sharing replacement reserves without any restriction, considering a full integration of Europe's southwest countries in contrast to the traditional bilateral solution that is currently in place. The new methodology used in this paper is a cross-comparative evaluation between different bilateral combinations of TSOs' offers. The energy and respective prices are compared for offers of tertiary reserve available in the first step, and in the second step for the effective tertiary transactions [18] .
After the bilateral comparison between all TSOs, the most competitive combinations are identified in terms of direction of transaction, assignation, or availability of energy. When a TSO is unable to transact energy with another one, a constraint is identified and the loss of economic value is calculated. In this paper, the reference TSO is the Portuguese one, so when the French TSO is the most competitive buyer (the French TSO is able to pay a higher price than the Spanish one) or seller (the French TSO is able to 1 Réseau de Transport d'Électricité, the Electricity Transmission System Operator of France 2 Rede Eléctrica Nacional, the electricity transmission system operator of Portugal 3 Red Eléctrica de España, the electricity transmission system operator of Spain sell at a lower price than the Spanish one), a constraint is identified and the loss of economic value is calculated.
Portuguese electricity system: tertiary reserve activation
The Iberian Electricity Market (MIBEL) was created in 2006. Its participants are market agents belonging to the Portuguese and Spanish TSO's. After the day-ahead market, seven intraday markets occur that allow the market intervenient to adjust or re-adapt strategies during the market period [1] . To introduce and better understand the reality of the Portuguese electrical system and its idiosyncrasies, particularly in relation to tertiary activation, a few considerations and calculations are presented. In the particular case of the Portuguese electrical system, the definition of tertiary reserve embraces the manual Frequency
Restoration Reserve and the Replacement Reserve. Operationally, these types of reserves are blended.
The consumption of electricity supplied from the public grid in 2015 was 48,964 GWh, 0.3% more than in 2014, when it was 48,825 GWh. Consumption in 2015 was 6.2% below the all-time maximum recorded in 2010 [19] . The average spot price was 50.2 €/MWh in 2015 and 41.9 €/MWh in 2014. The difference between the spot prices is explained by the difference in climatic conditions in-between these years. In Portugal, 2015 was a dry year, whilst 2014 had higher levels of precipitation. It is possible to observe the capability factor of the hydropower plants: in 2015 it was 0.74, whilst in 2014 it was 1.27.
The hydro capability factor is given by the expression: 40(1971 [20] . These previous events are the main reasons for the price difference [21] .
In the Portuguese case, the generation units that did not sell their energy on the spot market, submit to the respective SO a price that they are willing to receive to produce an additional quantity of energy. If the SO needs to mobilize a given quantity of energy upward, up Q (in MWh), it will pay the marginal upward price, up P (in €/MWh) to the respective market agent(s). All suppliers who provide this extra quantity of energy requested by the SO will receive up P for the energy they provide, which represents to the price of the last (most expensive) MW provided [22] .
On the other side, the market agents which sold their energy to the spot market, submit to the System
Operator the quantities and the respective prices they are willing to refund to reduce or even stop the production. If the SO intends to mobilize a given quantity of energy downward, dw Q , the respective market agent(s) will pay (refund) the electrical system with the downwards price, namely, dw P . All suppliers who reduce this quantity of energy requested by the SO will refund the system with the amount of dw P that corresponds to the price of the last (cheapest) MW reduced. It is important not to forget that this producer(s) had already received Ps for the energy sold on the spot market [23] .
As an example of the tertiary balancing of the Portuguese electrical system, in terms of price and energy, two years will serve as the basis for analysis (2014 and 2015):
The tertiary reserve activated upward was 693 GWh with an average price of 68.2 €/MWh, and the one activated downward was 1269 GWh with an average price of 29 €/MWh. In 2014, the tertiary upward activated was 1423 GWh with an average price of 58.5 €/MWh and the downward one was 596 GWh with an average price of 18.4 €/MWh. The tertiary activation aims to fill the gap between the real consumption needs and the energy traded in spot markets and restores the secondary frequency control in the boundaries of its control band. The gap is fulfilled by the combination of these two mechanisms [22] [23].
The tertiary activation could be considered as an overcost for the electricity system. The tertiary reserve activated upward, when less energy than required is traded, has a higher cost than the spot price [24] . The price of tertiary activated downward is lower than the spot price; hence the producers refund less money to the electrical system than they received (the spot price). With the previous data, it is possible to calculate the "overcost" generated for the electricity system with tertiary activation. The tertiary activation is the energy assigned to fill the gap between the predicted and the real consumption.
From an economic point of view, an imperfection could be considered that could generate an overcost for the electrical system. In the case of tertiary activated upward, the "general" upward overcost is calculated by the given function (3):
where up P is the price of the tertiary activated upward (€/MWh) and sp P is the spot price (€/MWh). up Q is the quantity of tertiary reserve activated upward (MWh). Substituting the previous values in (1), the overcost generated by tertiary upward activation was 12.474 M€ in 2015 and 9.894 M€ in 2014.
In the case of the tertiary downward activation, the "general" downward overcost is calculated by the given function (4):
where dw P is the price of the tertiary downward activation (€/MWh). dw Q is the quantity of tertiary reserve activated downward (MWh). Substituting the previous values in (2), the general overcost generated by the tertiary downward activation was 26.903 M€ in 2015 and 33.298 M€ in 2014.
The total overcost is given by equation (5):
The total overcost was 39.377 M€ in 2015 and 43.192 M€ in 2014.
Cross-border tertiary exchanges: a new paradigm
Since June 2014, there is the possibility of exchanging the tertiary reserve launched in the Iberian Peninsula countries.
A common platform was developed by the RTE, involving three TSOs (REN, REE, and RTE), plus the English TSO, the National Grid (NG). This platform allows the tertiary reserve to be exchanged in a bilateral and contiguous way. Each TSO sends the prices that are available for selling and/or buying tertiary energy to the platform, determined through established rules and procedures. These offers, that the TSO provides to the platform, are the tertiary offers sent by the national market agents for the respective TSO. The TSO, taking into account the tertiary needs for the next hour, sends to the platform the remaining offers to sell or buy tertiary reserve. Each TSO can provide to the platform a maximum of ten offers to sell and/or buy tertiary reserve. Each offer is a 50 MWh block that is associated to a determined price (€/MWh) [25] . Only bilateral exchanges are allowed. Each TSO can activate between 1 and 10 offers (in a determined direction) to another TSO. The first IN is the one who takes the offer (in the case of disputing offers) [26] . This energy is added to the interconnections resulting from the last intraday market, and said energy is impossible to mobilize in real-time.
Three years from the beginning of the platform's operation (i.e., July 2014 until June 2017), the results can be considered truly positive. Savings of more than 8.5 M€ were generated in the purchase of tertiary reserve by the Spanish TSO and the saving relative was approximately 1.5 M€ in the sale of tertiary reserve. The total gains are higher than 10 M€ [27] .
The profit gained was not particularly large, representing a small percentage of the total tertiary requirements and cost, but it allows an expectation of good potential on behalf of this mechanism.
The constraint of bilateralism: an integrating strategic perspective
The overcost generated by the tertiary needs was identified in the previous section. The profits obtained from the implementation of the tertiary sharing mechanism were also reported.
However, these profits could be improved. The actual mechanism only allows bilateral transactions between Portugal and Spain, and between Spain and France in a contiguous way [28] . The mechanism also exists between France and Great Britain, but there are some technical and procedural differences when compared to the southwest countries (Portugal, Spain, and France), so this mechanism was not considered in this study. This paper focuses on the study of a hypothetical situation where the three countries in the southwest of Europe could exchange tertiary reserve without constraints through the existence of a multilateral market instead of the two bilateral markets already in existence. Technically, this solution could be easily implemented [29] . However, political and bureaucratic factors create obstacles to the implementation of a common platform that would enhance the dynamism in the transactions and raise even more profit [30] . The main issue with a 3-lateral market is that direct transactions between two non-adjacent TSO's requires the intervention of a third one, which acts as a de facto intermediary. This TSO incurs the operational effort of modifying its interconnections program to satisfy transactions without any internal energy transaction. This paper's goal is to estimate the potential profit (or opportunity) that would be gained by the Portuguese electrical system through a complete cooperation between the three TSOs in the first three years of implementation, proceeding to a thorough analysis of the transactions, which allows the scrutinization of the process in detail.
Traditionally, and almost all-year long, the French electrical system is a large exporter. The main French electrical production is provided by nuclear power plants. Usually, the interconnection capacity between Spain and France is fully congested, or near to its maximum, in the direction from France to Spain, for large periods of time. In 2014, the entrance into production of new interconnections between these countries helped to diminish the periods of full congestion. The improvement of the electrical interconnection between France and Spain, such as the new lines in the Bay of Biscay, will increase the potential of trade between the Iberian system and the rest of Europe. These increases of trade capacity will potentially diminish the period of market splitting between both countries and indirectly allow the improvement of tertiary exchanges, which could affect market behaviour [31] [32].
The calculation and analysis of availability of the Net Transmission Capacity (NTC), which allows these transactions, is beyond the scope of this paper.
In the following section, the offers submitted by the three TSOs are discussed. Some simple comments related to the idiosyncrasies of the French electrical system are presented, to aid in the understanding of and to justify the types of offers submitted [33] .
Three party submitted offers
In this section, a comparison is made between the prices submitted by the three TSOs and the respective evolution, on a daily basis and in the long run. A deeper comparative analysis is carried out for the prices submitted between the French and Spanish TSOs with the objective of evaluating the advantages of a stronger cooperation with the Portuguese TSO. Figure 1 shows the available prices for export provided by the three TSOs. The first interesting observation is that the available prices of export tertiary reserves from the French TSO are, in general, the highest from the three TSO's that compound the Southwest electrical region. The existence of a considerable nuclear base portfolio has two considerable effects: on the one hand, the existence of lower electricity production costs, on the other hand there is a less flexible generation to manage the energy balance. In this specific situation the importance of balance management is more important. The lower electricity production costs reflect more on Spot markets, which are not the focus of this work [34] [35] .
Daily basis analysis
In the majority of daily periods, the Spanish TSO is the most competitive in terms of submitted offers.
The existence of a mixed portfolio helps to explain this observation [32] .
Fig. 1-Export Submitted Offers (daily basis Analysis).
In Fig. 2 , it is possible to observe the available prices for import provided by the three TSOs. A uniform tendency during the day can be verified. The Spanish TSO is the one that offers to purchase energy at a lower price while the French TSO offers to purchase it at a higher price. These results indicate a loss of opportunity business between the Portuguese and French TSOs. In the mentioned periods, it could be interesting for the Portuguese TSO to sell tertiary reserve to the French TSO.
As a first conclusion, by analysing only the offers submitted by the TSOs, one can derive that if the market were multilateral, the liquidity of transactions would be improved. 
Long-run analysis
Complementing the daily-basis analysis that was elaborated to observe the market in one day, a long-run analysis allows the investigation of the market in a more strategic way and to observe the market players' evolution tendency. This will be explained according to the first three completed years of the TSO's submitted offers, as organized by quarters.
In Fig. 3 , the export prices submitted by the three TSOs are illustrated. The apparently irregular variation of the submitted prices is greater in the French TSO than in the Iberian TSOs. In the Portuguese case, the price is almost controlled, and in the Spanish case, stabilization is carried out. The high number of France's interconnections with different countries when compared to Portugal or even Spain, implies a greater variation in the spot price of electricity and, indirectly, in the tertiary offers. Thus, it is more difficult to identify a simple and continual explanation of the price evolution. An interesting observation is the first quarter of 2016, which represents the winter period in Europe. This period (where electrical consumption is naturally higher) was conjugated with a period of considerable nuclear power plant in outage. This was reflected in every dimension of the market prices including in the offers of replacement reserves, as observed in Figure 3 . In Fig. 4 , the available prices for import submitted by the three TSOs are shown. The French TSO, as was observed in the daily-basis analysis, is the TSO that is able to buy energy at a higher price. This trend is consistent with the analysis of the evolution occurred during the first three years.
Fig. 4-Import Submitted Offers (long-run analysis).
In May and June, the price decreases again, reaching similar values as those of the Portuguese TSO.
One explanation for these prices could be the more severe autumn and winter in France than on the Iberian Peninsula. The decrease in temperature increases electricity consumption. On the other hand, due to considerable penetration of hydraulic power plants in the Iberian countries and taking into account that wet periods occur precisely during winter, the increase of available energy compensates for the increase in consumption [36] .
Loss of Gains with Non-Cooperation
In the previous section, the offers submitted by the three TSOs have been introduced, indicating an interest in buying or selling tertiary reserve. The first conclusions, which are mainly qualitative, about the absence of a common platform that would allow direct transactions between all TSOs have also been
shown. However, as mentioned, only the average value of buying and selling tertiary reserve, at which each TSO proposed to trade, was presented. In order to estimate more accurately the potential earnings from cooperation, it is crucial to know the effective value of the transactions. These values are the result of the comparison made between all TSOs regarding their selling and buying offers. This means that in the case of buying tertiary reserve, these values could be obtained in two different ways: the TSO that is interested in importing accepts the selling offers made by the other TSOs (exporter).
On the other hand, the TSO that is interested in selling (exporting) accepts the buying offers made by the other TSOs. In selling scenarios, the opposite assumption is made. The average price of transactions is a combination of the two possible ways in which they can happen. Now, the effective prices at which the transactions are made are analysed, as well as the cross between the French and Portuguese TSOs' offers, in order to estimate the economic loss from non-cooperation.
In what concerns the structure of the results' presentation, in the previous section, two types of analysis are carried out based on the daily and long-term data, for either import or export scenarios. In this case, in which the potential incomes resulting from greater cooperation will be estimated, the long-term analysis is not crucial for the comprehension of the study or for the intended estimate. The calculation of the potential incomes is presented on an hourly basis because this is the perspective on which market agents' prices and strategies are based. Figure 5 shows the effective price of exports traded by the three TSOs.
Analysis of Traded Exports

Fig. 5-Effective exportation price.
It is possible to observe and draw conclusions about the imports by the Portuguese electrical system and also from an eventual cooperation. In the periods 05, 08, 13, 14, 18, 19 and 23, the selling price to the French TSO, PsF , is lower than the selling price to the Spanish TSO, PsS , which means that the impossibility of transactions between the French and the Portuguese TSOs generated a decrease in income for both countries. Figure 6 illustrates the effective import prices of the three TSOs.
PsF PsS
 → ℎ(6)
Traded Importation Analysis
Fig. 6-Effective importation price.
During the majority of off-peak periods, it was the French TSO that bought tertiary reserve at a higher price. In the remaining periods, the competitiveness of the replacement reserve prices is very volatile. In the periods 02, 03, 04, 05, 06, 07,10, 13, 17,18 and 19, the assigned price of the French TSO, PaF , is higher than the assigned price of the Spanish TSO, PaS , which allows a potential loss of transactions to be identified for the Portuguese electrical system, in these hourly periods. If it were possible, the Portuguese TSO could sell to the French TSO instead of the Spanish TSO, when:
Opportunity gains from a multilateral market for the Portuguese electrical system
This section aims to estimate the opportunity of a high level of cooperation for the Portuguese electrical system, creating a hypothetical multilateral market of tertiary reserve. The starting point is the two existing bilateral tertiary reserve markets, where the agents make offers based on current reality.
If a multilateral market were to exist, as conjectured, the offers, mainly from the French and Portuguese TSOs, which suffer the most restrictions from bilateralism, could have a different strategy. An estimation is carried out so that some conclusions can be drawn from the results [26] [27]
The principle used to calculate the opportunity is based on the offers traded, as identified in the previous section. Figure 7 indicates the price of import transactions in Spain and France. In the periods 02, 03, 04, 05, 06, 07,10, 13, 17,18 and 19, the average imported tertiary reserve by France was higher than the Spanish one.
Export opportunity for France
In the same periods, the potential tertiary reserve exported, Qetotal, from Portugal to France is the sum of the Portuguese TSO's exports, QPe , and the French TSO's imports, QFi . Figure 8 shows the export prices of the Spanish and French TSOs. In order to identify the potential for importation, principles opposite to those used in the previous point are followed. The hourly periods are identified in which, on average, the French TSO sold tertiary reserve at a lower price than that of the Spanish TSO. Those periods are the ones in which, from the Portuguese TSO's strategic perspective, an improvement in the potential savings could be gained in comparison with the transactions with the Spanish TSO. The potential tertiary reserve imported, Qitotal, in this scenario would be the sum of the Portuguese TSO imports, QPi , and the French TSO exports, QFe . 
Import opportunity from France
The additional savings from importation, ASI (in euros), if the multilateral market is implemented is given by (11):
Calculation of Opportunity Gains
In the previous points, the Spanish and French TSOs' prices for exports and imports were considered to identify the potential transactions that could improve between the Portuguese and Spanish TSOs.
Otherwise, the hours in which, on average, the French TSO price is more competitive than that of the Spanish TSO were identified. In this point, the opportunity gains are calculated or estimated. The additional gains are the sum of APE and ASI and can be calculated by the following equation: Table 1 to 3 show, in a condensed form, the hourly periods and respective values, with respect to the opportunity generated for the Portuguese electrical system, if the multilateralism of the market were real and effective. For each hourly period (of the 24 hours of the day), it is possible to consider two kinds of transactions: selling or buying tertiary reserve, which means there are 48 possible transactions [26] .
Regarding the previous data, it is possible to observe that, in the first year, 13 transactions between
Portugal and France would be, on average, more profitable for the Portuguese electrical system than the actual transactions with Spain [37] . In the second year, 14 would be more profitable and in the third year, Considering these results, the potential incomes would be considerably higher in the cases of importation of tertiary reserve when compared to exportation.
The total profits gained through the selling and buying operations of tertiary reserve would result in incomes of 1,554,952 € and 8,521,288 €, respectively, achieving a total of 10,076,240 €. If we add up the increment of the profits resulting from the existence and implementation of multilateralism, the total incomes for the Portuguese electrical system could surpass 13,385,221 €, as shown in Table 4 . 
General Statistics Overview
In this point, a summary of the results' descriptive statistics will be analysed. This analysis will be done according to a monthly basis collection of data, during the 36 months of the study, to understand a long run perspective. Two situations will be the focus: the import and the export scenarios for each TSO.
The price (in €/MWh) and quantities (MWh) traded will be observed. In contrast with the previous analysis, in this statistical study, the data will not be observed in an hourly basis. The main reason for this distinction is that the number of hours in which the replacement reserves are traded is relatively low for each TSO. This generates a considerable quantity of periods with 0 MWh traded, which leads to a deviated statistical analysis, instead of an adequate one. In a monthly analysis, this problem is not an issue.
Exportation Scenario
In table 5 it is possible to observe the TSOs' price in the exportation scenario. Statistically, one can observe that the French TSO is the most competitive and the Portuguese one is the less competitive. The standard deviation in the French TSO is higher, which indicates a less concentrated amount of transactions' prices around the mean. This alludes to a good distribution of the replacement reserve's prices. However, a negative skewness indicates a bigger amount of offers slightly above the average value. Considering the range, the Spanish TSO is the one who has less reach. The maximum value of the Portuguese one is considerably higher than the others. In terms of the minimum value, the French one is considerably lower than the others. Table 6 shows the TSOs' exportation quantities. In this situation, the French TSO is the most competitive when selling tertiary reserve, with its amount of energy exported being the lowest. The
Spanish TSO is the one who exports the most, with a considerable difference from their peers. After the analysis of the previous tables, it is possible to conclude that the French TSO sells low quantities, but when the selling occurs, it is cheaper when compared to the other sellers, on average.
Importation Scenario
In table 7 it is possible to observe the price of the TSO's in the importation scenario. Statistically, the Portuguese TSO is the one who bought tertiary reserve at the lowest? price. The standard deviation in the Portuguese TSO is higher, indicating a less concentrated amount of transactions around the mean.
This indicates well-distributed prices of bought tertiary reserve. The slight negative skewness also indicates a good distribution regarding the bought tertiary. The minimum value of the Portuguese TSO importation is considerably lower than the other ones. In terms of the maximum value, the French is the TSO, on average, that bought replacement reserve at a higher price.
In table 8 it is possible to observe the quantity of import activation. The Spanish TSO is the player who imports less tertiary reserve, with a significant difference from both the French and the Portuguese.
Another observation can be made: the Spanish TSO is the one who bought energy at a more expensive price. Analysing the statistical tables, it is possible to conclude that the Spanish TSO is mostly an exporter and the other two TSO's use this market mainly to buy replacement reserve. It is important to remember that the conditions verified are different for Spain (it is possible to trade with Portugal and France) when compared to Portugal and France (both can only trade with Spain).
Future Perspective: The TERRE Project
The European Network of Transmission System Operators for Electricity (ENTSO-E) is developing a project based on the "Network Code on Balancing Energy", as defined by this institution. This project aims to create a mechanism for sharing tertiary reserve (and other services) that is more cooperative, and integrative when compared to the actual bilateral mechanisms implemented in the southwest of Europe.
This project is called the "Trans European Replacement Reserve Exchange" (TERRE) [38] [39].
Several TSOs are involved in this project, namely ADMIE (Greece), the National Grid (Great Britain), REE (Spain), REN (Portugal), RTE (France), Swissgrid (Switzerland), and Terna (Italy). EIGRID (Ireland) and SONI (Northern Ireland) are observers in this project. The main goal is to create and manage a single and centralized platform with the capacity to agglutinate the tertiary offers and allocate them in an optimized way, with the aim of fulfilling the differences (for all TSOs) between the energy traded on the market and the real consumption needs. Several benefits are expected from the implementation of this project, such as improvements in the competitiveness and efficiency of this kind of market, in the operational security of the participating TSOs and in the facilitation of cooperation based on electricity generated by renewable resources [40] .
Conclusion
The importance of the coupling of electrical markets is crucial for improving the competitiveness and welfare provided by the market environment. The gains achieved by the bilateral sharing of tertiary reserve between the Iberian countries confirm this idea. However, a high level of cooperation would enable high gains for the European electrical systems. The original study provided in this paper, based on the first three years of implementation of a tertiary reserve sharing mechanism, showed that the constraint generated by a bilateral market instead of a multilateral market involving the southwest systems' operators, generated lower profits and diminished the economic welfare, with greater impact on peripheral countries, as in the case of the Portuguese electrical system. The losses from non-cooperation were around 30% of the total value of transactions. Balancing mechanisms are crucial for a proper management of the electrical systems. Like other cooperation processes in the electrical field, as with the spot market, the importance of the creation and cooperation of ancillary services markets is crucial to develop a more unified European electrical environment. The TERRE project, to be led by ENTSO-E, understands this need and addresses such a mechanism to allow in-depth cooperation in this field. Tables   Table 1 General Table 3 Table 4 General Results 
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